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Introduction 
Obesity has become a major public health issue in American society in recent years. 
A study by Flegal and colleagues (2002) utilizing the continuous National Health and 
Nutrition Examination Surveys showed an increase of 7.6% compared to the 1991 version of 
the survey (Kuczmarski et al., 1994), bringing the total percentage of Americans, age 20 and 
older, who are classified as obese to 3 3.4%. The same study also revealed an 8.6% increase 
(total of 64.5%) of adults classified as overweight. The implications stemming from this 
problem have been seen in the health industry, as costs have increased exponentially. Often, 
the general public has inappropriately used the scale as the instrument of choice when 
gauging their personal degree of body composition. A limitation of this method is that body 
fatness and leaness are not taken into account. People who have a large amount of muscle 
could be considered overweight according to weight or body mass index (BMI) guidelines, 
although body fat levels may be low. Body fatness is a better indicator when gauging body 
composition since risk factors for disease are associated with degree and distribution of 
fatness, not weight per se. 
A number of methods are used to assess body composition. Underwater weighing 
(U~V~V) or dual-energy x-ray absorptiometry (DXA) are considered the most accurate and 
reliable of the current indirect methods. These methods of testing require expensive, 
specialized equipment in a laboratory setting and a high level of training to administer the 
test. The use of skinfold calipers is the least expensive and an acceptable method of 
evaluating body fat and thus is frequently used. The reliability of this measure is dependent 
upon the skill and experience of the anthropometrist. 
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A promising technique that is gaining in popularity is bioelectrical impedance 
analysis (BIA) (Heymsfield et at, 1996; Houtkooper et at, 1996). This technique relies on 
differential resistance to low frequency current flow in the body. The amount of resistance 
measured can be used to calculate total body water, fat-free mass, and fat mass. BIA is a 
relatively reliable method of measurement when compared with other methods of body 
composition assessment (Bolankowski et al., 2001; Demura et al., 2002; Deurenberg 1996). 
BIA has many advantages compared to the skinfold technique, including objectivity and 
being less invasive (Pickard et al., 2000). It is also easier to use and less training is required 
for the test. BIA has been approved as an acceptable measure by a NIH consensus panel 
(1996) and has been validated in numerous studies (Cable et al., 2001; Demura et al., 2002). 
BIA does have some weaknesses. Special populations such as power lifters and the 
obese have unique cellular fluid distributions, which differ from the average population 
(Huygens et al., 2002; Waki et al., 1991). Since most formulas used to calculate fat mass are 
derived from the general population, the estimates may not be accurate for some non-
representative samples. Fluid intake, food ingestion, and exercise can also have a significant 
impact on cellular fluid distribution (Deurenberg et al., 1988; Slinde et al., 2001; Lohman et 
al., 1997). Age can influence impedance readings, and equations created from younger 
population samples tend to overestimate body fatness in older adults (Roubenoff 1996). 
Accessibility and cost have historically limited the utility of the BIA system, but a 
number of inexpensive monitors have recently become available for both consumer and 
research applications. The more traditional tetrapolar configuration of BIA employs 
electrodes placed on the dorsal surface of the hand, wrist, ankle and foot and is administered 
with the participant in the supine position with arms and legs slightly abducted (Lukaski 
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1986). Newer units utilizing leg-to-leg technology (i.e., performed with the person in bare 
feet standing on the device similar to a bathroom scale) are less invasive and easier to 
administer. Leg-to-leg estimations have shown no significant differences when compared to 
UWW (mean error of 2%) (Swartz et al., 2002). Leg-to-leg estimations also correlated 
highly with UWW (r=.92) (Cable et al., 2001). 
With the introduction of these new types of devices, more people will potentially 
have access to this technology. Monitors available on the market currently range from $50 to 
$1700 in price. Most of these devices employ the method of leg-to-leg bioimpedance. 
One of the leading manufacturers of both research and consumer BIA devices is the 
Tanita Corporation (Arlington Heights, IL). Studies utilizing bipolar foot electrodes have 
found Tanita devices to correlate well (r=.89) with DXA (Tsui et al., 1998; Nunez et al., 
1997) and UWW (r=.89) (Nunez et al., 1997). In a study by Sung and colleagues (2001), no 
significant difference was found for children's body fat percentage when assessed by DXA 
and leg-to-leg BIA (mean difference -1.95 %). When compared with the Futrex-5000(A) and 
The Body Comp Scale (American Weights and Measures), two other popular devices on the 
market, the Tanita TBF-310 had the highest correlation (r=0.959, p<0.001) with DXA 
(Rubiano et al., 1999). Standard error for the TBF-310 was 2.74% as compared with 4.40% 
for The Body Comp Scale and 5.24% for the Futrex-5000(A). 
While a number of studies have tested the validity of BIA devices, little is known 
about the reliability. Reliability is a prerequisite for validity, thus it becomes paramount to 
determine reliability of the devices in order to be confident about its validity. Also, it is not 
clear how variable the results are if measurements are done with different Tanita monitors. 
There are a number of available BIA models that vary in cost, features, and sophistication. 
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Comparisons ofhigh-priced and low-priced models would help researchers (and consumers) 
determine the reliability of assessing body composition with different models. Several 
commercially-available devices have settings that allow a person to select either an "adult" or 
an "athlete" setting. The devices use a different equation for these two settings and the 
resulting values can be highly discrepant. Individuals must choose which setting best reflects 
their fitness level in order to receive a valid estimate. Swartz and colleagues (2002) recently 
compared estimates taken at the two settings with UWW. The study employed a sample of 
participants consisting of inactive individuals (<2.5 hr of aerobic activity/wk), moderately 
active individuals (2.5 -10 hr of aerobic activity/wk), and very active individuals (>10 hr 
aerobic activity/wk). No significant differences were found between UWW and BIA 
measurements performed in the athlete mode for highly active males (p=.309) and 
moderately active males (p=.091). No significant difference was also found between body 
fat percentages assessed by UWW and impedance assessed in the adult mode for low active 
individuals (p=0.395) in the same study. This study suggests that valid results are obtained 
via the Tanita monitors when the appropriate fitness setting is selected prior to measurement. 
The present study further evaluated these relationships for 3 different Tanita monitors 
(TBF-626, TBF-350, TBF-300) and also examined the reliability of the values for each 
setting. Specifically, the study sought to: 
1) Compare the reliability of the 3 BIA monitors across two trials (within-day) and 
two separate visits (between-day) for each monitors. We hypothesized that there 
would be no significant differences between trials and visits for all three devices. 
2) Evaluate the validity of 3commercially-available BIA devices for estimating body 
fatness. Estimates from the BIA devices were compared to estimates from a tetrapolar 
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BIA device and anthropometry (skinfold thicknesses). We hypothesized that there 
would be no significant differences in body fat measurements between the BIA 
estimates and the criterion measures when the appropriate fitness setting was selected. 
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Literature Review 
Body fatness assessment is a useful tool for determining physical health. There are 
numerous indirect measurements and instruments for assessing body fatness. There are 
strengths and weaknesses of each method with some being more widely accepted than others. 
This literature review wi11 compare the most common methods of body composition 
assessment, namely dual energy x-ray absorptiometry (DXA), UWW, skinfold thicknesses, 
and bioelectrical impedance. Emphasis will be placed on the relationship of BIA measures to 
the other assessments. 
Body composition assessment methods 
Dual-energy x-ray absorptiometry 
Dual-energy x-ray absorptiometry has emerged in recent years as the most accurate 
and reliable method (based on a 3-component model of bone mineral mass, bone-free lean 
tissue, and fat mass) for assessing body composition. Research has shown the precision error 
of DXA for measuring fat percentage to be low (1.8%) (Pritchard et al., 1993). The technique 
employs the attenuation of two energy sources in order to distinguishes between hard and 
soft tissue and estimate tissue density (Lohman et al., 1997). X-rays, consisting of a 
spectrum of photon energies ranging from ~15 keV to 110 keV, are absorbed or scattered as 
they pass through tissues. Beam intensities are diminished due to atomic interactions, and a 
detector records the weakened beam intensities from the dual energy sources (Pietrobelli et 
al., 1996). Pixels generated by the attenuated energy sources are separated according to a 
Ratio Value (R-value), which is calculated by comparing the attenuation at the lower energy 
to the attenuation at the higher energy. The R-values, or mass attenuation coefficients, are 
compared with either established element values (the lower the atomic number, the lower the 
R-value) or values associated with tissue such as triglycerides, lean tissue, or bone mineral. 
At X-ray intensities of 40 and 7o kev, two of the most commonly used intensities, human 
triglycerides and lean tissue on average have R-values of ~ 1.21 and 1.3 69, respectively 
(Pietrobelli et al., 1996). Due to the established R-values, fractional components of the 
human body can be identified according to tissue types based on athree-component model. 
In reality, only two tissue types can be measured during one scan because of the use of only 
two energy sources: fat/lean soft tissue, or soft tissue/bone (Pietrobelli et al., 1996; Pritchard 
et al., 1993). Mean R-values generated from the two measured tissues can be utilized in 
equations for determining the contribution of each tissue type to the composition of the 
participant's body (Pietrobelli et al., 1996). 
DXA, unlike UWW and BIA, is only dependent on the biological assumption of 
stable hydration of bone-free lean-tissue mass (Kohrt 1995). Certain assumptions must be 
made with the generation of the pixels from the attenuated energy sources. An arbitrary 
threshold, based on anatomical structure patterns, must be set in order to differentiate 
between bone mineral and soft tissue, so skeletal boundaries are defined and cross-over 
measurement does not take place. To accomplish the threshold, distribution patterns of 
muscle, bone, and adipose tissue are utilized. Individual variations in these distribution 
patterns can differ greatly. from person to person depending upon age, gender, and ethnicity. 
Besides its accuracy, DXA provides regional estimates of whole body measurements 
in a single scan. Scan time is minimal, typically ranging from 10 to 20 minutes, with 
radiation exposure limited (Heyward 1998). This method is suitable for a variety of 
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populations. A limitation of DXA is its limited accessibility due to the high cost per scan 
($200+) and the high cost of the equipment ($80,000 to 160,000) and the radiation (albeit 
very minimal) involved in scanning individuals. An additional limitation of the technology is 
the lack of standardization. Pritchard and colleagues found that there was a strong 
correlation between the Hologic QDR 1000W and the Lunar DPX densitometers (r=.991) 
(1993). However, there was a significant difference in mean body fat percentages 
(20.72+7.03 vs. 24.14+9.52, p<.001) for gender-pooled data (Pritchard et al., 1993). These 
differences are attributed to the utilization of different types of software (different 
algorithms) and the mode of data collection (pencil beam vs. array beam), but there are other 
sources of error (Heyward 1998). X-ray beam hardening can affect measurements between 
subjects. X-ray beam hardening is due to various tissue thickness as in vivo (Kohrt 1995), 
which are due to differences in adiposity overlying and adjacent to bone. 
Underwater Weighing 
UWW has long been a laboratory technique for assessing body fatness. UWW 
utilizes a 2-component model of fat mass and fat-free mass. The concept of UWW is based 
on Archimedes' principle (density =weight/volume), which states that a body immersed in 
fluid is acted upon by a buoyancy force that is exhibited by a loss of weight equal to the 
weight of the displaced water (Lohman et al., 1997). This method relies on the various 
densities of fat-free mass and fat mass when compared with water and the total amount of 
weight displaced while submerged. The measured body density (Db) is corrected for residual 
lung volume and water density according to temperature. Body fat percentage can then be 
calculated from Db using equations such as those introduced Brozek (1963) and Siri (1961). 
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The Brozek formula assumes the density of fat to be 0.901 g/cc and the density of fat-free 
mass to be 1.10 g/cc (1963). The Siri equation differs, with the assumption that the density 
of fat is 0.88876 g/cc and the density of fat-free mass is 1.10333 g/cc (1961). This method 
has traditionally been labeled "the gold standard" due to its minimal amount of error, which 
can be as Iow as 0.8%under ideal conditions (Houtkooper et al., 1996). However, the 
precision of UWW has generally been accepted to be 3.8% (Lohman 1981). To obtain 
accurate results, the subject must also be able to expel as much air as possible from the lungs 
while submerged (Lohman et al., 1997). 
While UWW is an accepted technique, there are some disadvantages. Most two-
component formulas utilized to calculate body fat percentage from Db are based on an 
analysis of Caucasian male and female cadavers (Heyward 1998). Based on differences in 
Db, African-Americans tend to have a higher fat-free mass density (males, 1.113 g/cc; 
females, 1.106 g/cc) (Schutte et al., 1984; Heyward & Stolarczyk, 1996). The differences 
can lead to underestimations of fat-free mass (Wagner et al., 1997). Little cross-validation 
research has been conducted to validate the use of the previously mentioned formulas in 
other ethnicities. The assessments are time consuming and require specialized equipment and 
training. Not all people are comfortable being submerged in water; thus, the technique is not 
suitable for all populations. Moreover, direct measurement of residual lung volume must be 
performed to ensure an accurate assessment of body density, as formulas for calculating 
residual lung volume are inadequate (Heyward 1998). 
Anthropometry: Skinfold Thickness 
Skinfold measurements are a common method for assessing body fatness in both the 
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laboratory and the field. The technique involves the use of calipers to measure the amount of 
subcutaneous adipose tissue at multiple sites. The technique is inexpensive (limited to the 
purchase price of the calipers which can range from $10 to $500 depending on the quality of 
the caliper) and is relatively rapid in administration. Skinfold thicknesses can be 
noninvasive, depending on where they are measured on the body. 
The technique is based on three assumptions (Heyward 1998). The first is that 
skinfold thicknesses are a good measure of subcutaneous fat. The second assumption is that 
the distribution of fat subcutaneously and internally is similar for all individuals with each 
gender. These assumptions are readily violated. Older individuals tend to have a lower 
proportion of subcutaneous fat compared to the general population, and leaner individuals 
tend to have a higher proportion of internal fat to subcutaneous fat (Lohman 1981). The third 
assumption states that due to the strong correlation between subcutaneous fat and total body 
fat, the sum of skinfold thicknesses can be used to estimate total body fat. However, 
variations in subcutaneous fat, intermuscular fat, intramuscular fat, and internal organ fat 
deposits varies between individuals, which can lead to the violation of the third assumption 
(Heyward 1998). There are significant differences in fat distribution between the sexes and 
among ethnicities, so ethnic-specific equations are needed for males and females (Jackson & 
Pollock, 1985; Heyward 1998). Because these assumptions may not always hold true, there 
tends to be a high amount of error when compared to other methods of body composition 
assessment (Heyward & Stolarczyk, 1996). 
There are also several sources of specific measurement error with skinfold assessment 
(Lohman et al., 1997). The use of calipers requires training and a high level of skill in order 
to use them correctly. Intertester reliability varies greatly based on the level of skill. Even 
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then, highly skilled technicians can have trouble measuring subjects who are obese or have a 
highly defined musculature (Lohman et al., 1997). The type of caliper can also influence 
results. Subject factors can affect measurements. Gruber and colleagues found significant 
differences between Lange and Harpenden calipers for mean skinfold thicknesses for seven 
different sites (1990). High-quality calipers that demonstrate constant pressure (~l Og/mm2) 
through a range of 0 to 60 mm (Heyward 1998) should be used for precise measurements. 
Because compressibility of adipose tissue is a potential source of error, readings must also be 
taken in a consistent manner (Martin et al., 1992; Himes et al., 1979). Minimal research has 
been reported on the effects of skin thickness on measurement error. Keys and Brozek stated 
that while there were significant differences between individuals, the differences did not 
greatly affect the body fatness estimation (1953). However, Clarys and colleagues (1987) 
stated that the effects of skin thickness have not been thoroughly explored to draw strong 
conclusions. Skinfold measurements should not be taken after exercise or in a warm 
environment because of increased peripheral vasodilation and the subsequent increase in 
skinfold measurements (Keys & Brozek, 1953). Sources of error negatively affect validity 
and reliability if not accounted for and controlled. When compared with other body 
composition assessment techniques, skinfold thickness tends to be less valid than DXA, 
(Kitano et al., 2001) and UWW (Jackson &Pollock, 1985). 
Bioelectrial Impedance Assessment 
BIA is a promising technique that is increasing in popularity. The validity of BIA is 
comparable to that of the skinfold thickness technique with an error of 3 to 4% (Lohman et 
al., 1997), but there are a number of advantages. BIA instruments, similar to calipers, are 
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relatively inexpensive and portable, but are also noninvasive. Administration of the 
measurement requires minimal effort from the subject and a minimal amount of training for 
the test administrator. 
The BIA technique is based on differences in the body's resistance to current flow. 
Lean body mass contains more water and electrolytes and therefore is a better conductor of 
electricity (i.e., less resistance than adipose tissue). BIA estimates body fatness based on 
regional-body impedance rather than whole-body impedance. The technique relies on two 
assumptions (Heyward 1998). The first states that the human body is similar in shape to a 
perfect cylinder. This assumption is violated by the fact that the body is shaped more like 
five smaller cylinders (Kushner 1992). The second assumption states that at a fixed 
frequency, impedance (Z) to current flow through the body is directly related to the length 
(L) of the conductor (height) and is inversely related to its cross-sectional area (A). The 
equation for impedance is defined as Z = p(L/A), with p representing the specific resistivity 
of the body. Specific resistivity is based on tissue composition, hydration levels, and 
different electrolyte concentrations, which vary between cylinders and individuals (Chumlea 
et al., 1988; Kushner 1992). The resistance of a body region is directly proportional to the 
amount of water bound to fat-free mass, because in a state of normal hydration, the water 
content of the fat-free body is approximately 73% (Heyward 1998). Once fat-free mass is 
determined, it can then be subtracted from the total body weight to estimate total fat mass 
and a body fat percentage (Heymsfield et al., 1996). 
The number and range of frequencies employed by the electrical current for each 
analyzer varies (Heyward & Stolarczyk, 1996). BIA devices employ either a single- 
frequency (SOkHz), low-level excitation current (800µA) which travels only through 
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extracellular fluids, or amultiple-frequency (~50 to 800 kHz), low-level excitation current 
(500 µA to 800µA) which travels via the path of least resistance through both extracellular 
and intracellular fluids (Kushner 1992; Lukaski 1996). Presently, little evidence exists to 
support the superiority of one method over the other. 
Single frequency is regularly used by BIA systems because the impedance reflects the 
volume of extracellular water and the fat-free mass is easily calculated using the assumption 
of 73%water content in FFM, during normal hydration (Kushner 1992; NIH 1996). 
Formulas in these devices are used to directly convert conductivity readings into body fat 
percentages. Total body water (TBW) is a product of specific resistivity of the body fluid 
multiplied by the product of height squared divided by the measured impedance value (z)- 
[TBW= p(HZ /Z)] (Deurenburg 1996). Impedance, in turn, is a function of resistance (R) 
and reactance (X~) -(Z= ~I(R2 + Xo) (Deurenburg 1996). Resistance is defined as the 
opposition to current flow through the body and reactance is the opposition caused by 
capacitance, or temporary storage of the voltage, created by the cell membrane. With a 
single-frequency BIA formula, R is substituted for Z because the current flow does not 
penetrate cell membranes, negating the effects of Xo. Therefore, based on the 73% 
assumption of FFM hydration, FFM is calculated and subtracted from total body weight to 
estimate fat mass. Fat mass is then calculated as a percentage. Specific algorithms have 
been developed to account for age and fitness status in many devices. 
There are a number of challenges involved in using this type of technology in 
research. First, error is introduced because body types and hydration levels vary among the 
general population. Moreover, many formulas are population specific and may not be 
accurate if applied to other sample populations. Additionally, internal algorithms for each 
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analyzer may differ between manufacturers. Hence, researchers using different devices may 
get different results. 
These limitations create a problem when attempting to use BIA devices across a wide 
range of populations. At present it is known that formulas developed for an average 
population will give erroneous values for unique populations such as athletes and obese 
people, but for different reasons. For example, power lifters generally have lower impedance 
values (i.e., higher electrical conductivity) when compared with the people who do not do 
strength training because of a higher proportion of lean body mass (Huygens et al., 2002). In 
contrast, obese persons register a higher impedance value than lower fat individuals because 
of the hydrophobic nature of adipose tissue, which is present in higher amounts. Distribution 
of water also differs between various body types, which also impacts the validity of the 
reading. Obese subjects have a higher ratio of extracellular water to total body water than the 
general population, which can negatively affect measurement error (Waki et al., 1991). 
Specific factors that have been shown to influence the BIA estimates of body 
composition are described below: 
1) Females tend to have a higher percentage of fat mass than males and thus have 
different amounts and distribution of fluid. These differences in fat-free mass between sexes 
have led to the creation of separate equations for males and females 
(Pichard et al., 2000). However, some research has stated that the gender effects on BIA are 
small and not clinically significant (Tsui et al., 1998). Nevertheless, separate equations are, 
in general, used for each gender. 
2) Age also has an effect on validity and reliability of BIA when assessing body fat 
percentage (Genton et al., 2001). Equations derived from younger populations tend to 
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overestimate body fatness in the elderly (Roubenoff et al., 1996). Body fat percentages tend 
to increase with age in both men and women. Some studies suggest that this increase is 
higher in women than in men (Pichard et al., 2000, Lukaski et al., 1986). 
3) Race has not been studied extensively. Some have not found race to have a 
significant effect on body fatness estimates by BIA (Kotler et al., 1996). However, 
significant differences in muscle mass and bone density have been found between ethnicities. 
Stokes and colleagues (1993) found significant differences in the specific resistivity of leg- 
to-leg BIA measurements between white and black women (black: 393.2 + 43.9 vs. white: 
348.5 + 31.8, p<.001). Body composition models based on Caucasians tend to underestimate 
FFM via BIA in African-Americans because of significant differences in bone density and 
muscle mass (Ortiz et al., 1992; Wagner et al., 1997). Only ethnic-specific equations or 
generalized equations that have been cross-validated in a different ethnic group should be 
used. 
4) Ingestion of meals and fluids has been found to affect the validity and reliability of 
BIA (Deurenberg et al., 1988; Slinde et a1., 2001; Lohman et al., 1997). Some found Lower 
body fatness values as a result of altered bioelectrical impedance values. The added fluid 
from the ingested liquid and food helped to disrupt normal hydration status, thus lowering 
impedance values and contributing to these findings. 
5) Exercise, especially intense exercise, has been found to have a significant effect on 
the validity and reliability of BIA (Deurenberg et al., 1988; Demura et al., 2002). The effect 
of intense exercise is two fold. First, increased skin temperature has been shown to lower 
predicted fat percentage because of increased cutaneous blood flow. Secondly, perspiration 
can reduce the hydration level and amount of total body water (Caton et al., 1988). Thus, the 
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impedance reading is increased and a resulting higher body fat percentage is registered. 
6) The impact of the menstrual cycle on impedance values is unclear. In one study, 
women in the premenstrual phase of their menstrual cycle had significantly different 
impedance measurements than during the other phases of the cycle (Deurenburg et al., 1988). 
This was attributed to the fact that during the premenstrual phase, excess water is retained, 
particularly in the extremities, and thus a lower impedance value and subsequent lower body 
fat percentage are registered compared with measurements conducted during other phases of 
the menstrual cycle. However, Chumlea and colleagues (1987) found no difference between 
pre- and post-menstrual cycle. In its statement on BIA technology, the National Institutes of 
Health concluded that variations in menstrual cycle should be accounted for and controlled 
(1996). 
7) Fitness levels significantly affect body fat estimates for BIA devices. Swartz and 
colleagues (2002) found significant differences between BIA assessment performed with the 
Tanita TBF-305 at the adult setting versus UWW (p<.001) for highly active males (>10 hr of 
aerobic activity/ wk) and moderately active males (2.5 -10 hr of aerobic activity/wk) when 
impedance was assessed at the adult setting (2002). However, no significant differences 
were found between body fat percentages assessed by UWW and BIA assessed at the adult 
setting (p=.395) for low active individuals (<2.5 hr of aerobic activity/ wk) in the same study. 
8) Orthostatic changes significantly impact BIA estimates of body fat. When a 
person goes from a supine position to an upright position, extracellular water tends to 
become more concentrated in lower, distal extremities. A mean 5%increase in whole-body 
impedance 10 minutes after participants moved from a standing to supine position was 
reported via meta-analysis by Kushner and colleagues (1996). 
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Overall, BIA is an acceptable form of body fatness assessment (NIH) and is a useful 
tool when particular variables are taken into account and controlled. BIA tends to correlate 
highly with DXA, "the gold standard" of indirect body composition assessment (r= .927) 
(Kitano et al., 2001; Sung et al., 2001). Body fat percentages estimated by BIA tend to have 
strong correlations with UWW (men: r=.932; women: r=.882) (Luksaki et al., 1986). The 
precision error of BIA ranges from 4 to 10% and often is dependent on the machine and the 
accuracy of the internal algorithm (Lukaski 1996). 
Tanita Analyzers 
The Tanita Corporation (Arlington Heights, IL) is a leading manufacturer of both 
laboratory and consumer BIA devices. Tanita products are generally regarded as some of the 
best in the area of portable BIA devices. The Tanita monitors utilize a single frequency, leg- 
to-leg configuration rather than the more traditional multifrequency, arm-leg tetrapolar 
configuration. Minimal research has been conducted on the reliability and validity of this 
newer technology. Some studies have shown the reliability of these devices when compared 
with other techniques such as DXA and UWW. In one study, BIA with bipolax foot 
electrodes, correlated strongly (r=.89) with DXA (Tsui et al., 1998) and UWW (Nunez et al., 
1997). When compared with three other popular devices on the market, the Tanita TBF-310 
had the highest correlation (r=.959, p<.001) with DXA (Rubiano et al., 1999). 
Summary 
BIA is an acceptable method for assessing body fatness in a wide variety of 
populations. BIA is used in testing large samples due to its inexpensive and noninvasive 
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properties, along with its ability to produce rapid measurements. To ensure a minimal 
amount of error is obtained with each reading, several factors, such as hydration status, 
fasting status, and activity status, must be accounted for and controlled. Aresearch-validated 
device from a reputable company should also be employed to minimize error. 
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~tlethods 
The present study examined the reliability and validity of 3commercially-available 
BIA devices. For reliability, the results from each BIA device were compared within and 
between days to examine sources of variability in the measures. A secondary objective was 
to examine the effects of fitness on the resulting body values. Settings on the monitors for 
"athlete" and inactive "adult" individuals were compared by having participants perform 
measurements with both settings. Data collection occurred during 2 visits with a week 
between visits. Comparisons were made with a traditional tetrapolar BIA monitor (Hydra 
4200, Xitron Technologies) as an indicator of validity but were used primarily for 
comparison purposes rather than as a criterion indicator of body fat (for validation purposes). 
Participants 
A total of 81 participants (42 men and 39 women) were recruited from classes 
in the Department of Health and Human Performance, the Iowa State men's and women's 
cross country/track teams, and the Iowa State women's swim team. Training status was 
determined by assigning all student-athletes to the trained group (T) and all students recruited 
from classes to the untrained group (UT). The participants did not exceed the prescribed 
weight maximum listed for each scale and ranged in age from 18 to 24. All participants were 
informed of the procedures prior to testing and signed a consent form before they were 




Three Tanita analyzers were compared in the current study. The BF-626 (Monitor 1) 
is a consumer-use model with a specified weight capacity of 3 00 lb and settings for adult, 
athlete, and child. The BF-3 5 0 (Monitor 2) is a professional-use model with a specified 
weight capacity of 440 lbs., and settings for adult and athlete. The TBF-300 A (Monitor 3), a 
"single-load cell" model is designated for professional-use with specifications of 440 lb for 
weight capacity, 1 to 75% body fat range, and settings for adult, athlete, and wrestler. 
Procedure 
All participants were tested in the morning, about 3 to 4 hours after waking. 
Participants were asked to refrain from consuming alcohol in the 48 hours prior to their 
visits. Additionally, they were asked not to consume any diuretics or caffeine 24 hours prior 
to testing. All participants were in a fasting state and drank 12 ounces of water upon waking. 
Participants were asked to refrain from exercising 12 hours prior to testing. Participants 
voided their bladders 30 minutes or less prior to testing. A follow-up questionnaire was 
administered at the time of testing to determine participant adherence. All participants were 
free from illness. Between 3 and 20 days had elapsed since menstruation for women 
participating in the study. Height and weight was measured at the beginning of the first visit. 
Weight was again measured during the second visit. During each visit, body fatness was 
evaluated with the 3 different BIA devices and with the traditional tetrapolar BIA monitor. 
All measurements were conducted on each participant during the same visit and the same 
protocol was used in both visits. 
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For the BIA assessments, participants wore shorts and t-shirts and removed all 
jewelry and any other metals prior to testing. Each participant also removed socks and shoes 
before standing on the electrodes. The participant then stood on each of the 3 leg-to-leg BIA 
devices while 2 separate measurements were recorded at both the adult and athlete settings. 
Within-day reliability was determined from the series of readings at the equivalent settings 
for each monitor. Upon completion of the leg-to-leg measurements, each participant 
assumed a supine position on a nonconductive examination table for 5 minutes. During the 
5-minute period, each subject was prepared for the multifrequency (MF) BIA test by having 
the dorsal surfaces of the right hand and wrist and the right ankle and foot cleaned with 
alcohol pads. Four electrodes were then placed in the traditional tetrapolar configuration as 
described by the Xitron instruction manual. Upon the completion of 5 minutes, the 
measurement was taken and recorded, and a 15-second heart rate was taken while the 
participant remained in the supine position. This was used along with self-reported activity 
levels to estimate aerobic fitness using awell-established prediction equation (Jackson et al., 
1990). Fitness was also determined using a reliable field test (Rockport mile test) (AGSM 
2000) on a day other than the days of body fat testing. 
Statistical Analyses 
Reliability Analyses 
Three-way repeated measures ANOVA (sex x trial x visit) was used to examine 
potential differences in values recorded on the 3 different monitors. Trial and visit were 
repeated measures and gender was a between subjects factor. These analyses were conducted 
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to test for any specific differences between trials and visits as well as any interactions. 
Generalizability, an extension of intraclass reliability, was used to more quantitatively 
partition the total variability associated with measurements. Analyses were performed 
separately for each monitor using a 3 x 2 (Trials x Visits) design with trials and visits 
considered random facets in the fully crossed design. Expected Means Square and variance 
components were estimated based on Morrow (1989). This approach to reliability allows the 
percentages of variance associated with each facet and interaction in the model to be 
computed. The D-Study phase of generalizability analysis results in estimates of 
generalizability (i.e. reliability) when the number of trials or visits is changed. The obtained 
G-coefficients are interpreted like reliability coefficients with perfect generalizability being 
1.0 and no generalizability being 0.0. 
Validity Analyses 
The validity of the assessments was examined by comparing the body fat estimates 
from the 3 portable units to that from the tetrapolar BIA estimates. While the tetrapolax BIA 
assessment cannot be considered a perfect criterion comparison, values would provide 
valuable information about how leg-to-leg BIA relates to a more established technique. 
Effect size (ES) was calculated to evaluate the strength of significant differences between the 
assessments. 
Separate 3-way multivariate analyses of variance (MANOVA) (sex x training status x 
monitor) were performed for both the normal adult setting and the athlete setting. These 
were performed for both Visit 1 and Visit 2 data. Bland-Altman Plots were used to compare 
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the differences in scores across the full range of body composition values (Bland &Altman, 
1986). This graphical technique plots the difference between 2 scores (y-axis) against the 
mean of 2 scores (x-axis). This was needed to demonstrate whether the monitors varied in 
reliability across the range of body fat values. Differences in predictive accuracy were 
correlated with fatness level in order to determine if differences in fitness are related to 
differences in body composition values. 
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Results 
A total of 81 participants (42 males and 39 females) completed data collection for the 
project. Participants ranged in age from 18 to 24. Nearly all the participants were White (n = 
76, 94%) with the remaining ethnicities being African American (n = 3, 4%), Asian (n = 1, 
1%) and African (n=1, 1%). Efforts were made to recruit an equal number of T participants 
and UT participants for both genders in order to facilitate comparisons between the 2 groups. 
There were 19 male athletes from the men's track and cross country team (45% of men's 
sample) and 11 female athletes from the women's cross country and swim teams (28% of 
women's sample). There were no differences in age or height between the T participants and 
the UT participants for either the males or the females. The T group were lighter and had 
lower BMI values than the UT group. The trained sample was also more homogenous than 
the UT sample as evidenced by the smaller SD values for the weight and BMI variables. 
Descriptive statistics for the sample are provided in Table 1 for both the T group and the UT 
group as well as the groups combined. 
Two different assessments of aerobic fitness were obtained to allow for direct 
comparisons between the cardiovascular fitness levels of the T participants and UT 
participants. One estimate of fitness was obtained from aself-reported assessment of 
physical activity using a nonexercise questionnaire (Jackson et al., 1990). A second estimate 
using the Rockport walk tests was obtained on a subsample of participants (19 athletes and 
29 non-athletes) to provide a more objective indicator of fitness. A 2-way (sex x training 
status) MANOVA was performed to check for significant differences between the 2 samples. 
The sex x training status interaction was not significant (p = .266) but main effects were 
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found for both Sex [F(2,56) = 27.6, p < .001] and Training Status [F(2,56) = 7.8, p = .001]. 
Examination of the Sex main effect revealed that males had higher estimates of aerobic 
fitness than females on both the V02 estimate (mean difference = 10.1 ml/kg/min, p < .001) 
and the Rockport test estimate (mean difference = 8.4 ml/kg/min, p < .001). Univariate 
comparisons by Training Status indicated that T group had higher estimates of fitness than 
UT group for both the V02 estimate (mean difference = 5.2 ml/kg/min, p < .001) and the 
Rockport test estimate (mean difference = 8.2, p = .003). 
Reliability of Monitors Across Trials and Visits 
Three-way (visits x trial x sex) repeated measures ANOVA were performed to test for 
differences in monitor output between visits and trials. The inclusion of the between subjects 
factor of Sex allows for direct comparisons between genders on reliability. The analyses 
were conducted separately for each of the three BIA monitors and for both the adult setting 
and the athlete setting since these were viewed as independent comparisons. Because a total 
of 6 comparisons were made, a Bonferonni correction was used to set the p value for 
significance tests (p = .05/6 = .008). The descriptive data for Monitor 1, 2, and 3 are 
provided in Tables 2, 3, and 4, respectively (Separate descriptive results for T participants 
and UT participants are provided in Tables 2a, 3a and 4a in the Appendix). There were no 
significant 3-way interactions (visit x trial x sex) for any of the analyses so emphasis in the 
results focused on 2-way interactions and main effects. The 2-way interactions of trial x sex 
and visit x trial were nonsignificant but the visit x sex interaction was significant for 4 of the 
6 comparisons [Monitor 1 (adult setting: F(1,73)=9.67, p=.003; Monitor 1 (athlete setting): 
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F(1,72)= 9.90, p=.002), Monitor 2 (athlete setting): F(1,73)= 8.99, p=.004, and Monitor 3 
(adult setting): F(1,73) = 7.32, p=.008]. Results with the athlete setting for Monitor 3 
approached significance for the visit x sex interaction (F(1,73)=2.94, p=.091). The 
significant interactions were attributable to differences in body fat values between the 2 visits 
for the males and females: For males, the mean body fat levels were higher on Visit 2 than 
Visit 1, whereas for females the values were lower on Visit 2 (see Table 4). This was 
evident for both the normal adult setting and the athlete setting. When the data were 
examined more closely an error was noted in the recording of clothing weight on 5 of the 
trials. Because clothing weight is removed from the participant's weight in the calculations 
with Monitor 3, the results with this monitor could have been spurious. The calculation was 
rerun without these 5 participants, but the visit by sex interaction remained significant for the 
adult setting (F(1,68)=14.95, p<.001) and was closer to significance for the athlete setting 
(F(1,68)=4.14, p=.046 ). The descriptive results for these additional comparisons are in 
Table 4alt. 
The main effects of trial and visit were of more importance in considering reliability 
and neither of these comparisons was significant. The Sex main effect was significant for all 
monitors and settings but this was not of interest in the present study since it only reflects 
differences in actual body fat values between males and females. Overall, the results of these 
ANOVA analyses reveal no differences between visits or trials for the 3 different monitors 
using either setting. While the visit x sex interactions were significant, the absolute 
differences in mean body fat levels were quite small (~ 0.2 to 0.3%) so these differences are 
not of meaningful clinical significance. 
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Generalizability theory was used to provide a more quantitative evaluation of 
reliability since it allows the variance attributable to trials, visits, and participants to be 
partitioned. The G values for the three monitors are provided in Table 5. Over 97% of the 
variance in the output from the monitors is due to true differences between subjects. The 
values were similar for all three monitors. The visit x sex interaction term contributed less 
than 1 % of the variance in the calculations and all other sources of variation were essentially 
negligible. Overall, the G values for all three monitors were about 0.98 with standard errors 
of measurement (SEM) ranging from 0.505 to 1.127. 
Validity Results 
Comparisons with the Tetrapolar BIA monitor 
Validity was examined by comparing the output from the 3 different monitors against 
a criterion measure calculated from lean body weight output obtained from a tetrapolar 
(multifrequency — MF) BIA device. Three-way (sex x training status x monitor) repeated 
measures MANOVA were used in these analyses to compare the body fat estimates. It was 
not possible to include the setting variable (adult setting and athlete setting) in the repeated 
measure design since the criterion measure provided only a single output. Therefore, 
separate analyses were conducted for the 2 settings (adult and athlete). Because there were 
no differences noted between trials for a single visit, the average of the measurements from 
the 2 trials was used in all of these calculations. Results were computed separately for Visit 
1 and Visit 2 to examine the generalizability of the findings, but data below are presented 
only for Visit 1. 
28 
For the adult setting, the results revealed a significant three-way (sex x training status 
x monitor) interaction [F(3,68) = 6.8, p < .001]. The interaction was attributed to differences 
in the way that training status may have influenced the tetrapolar BIA estimates for females 
and males (see Figure 1 and 2). For males, the tetrapolar MF BIA yielded higher values for 
T participants (mean ES = -1.37) and lower values for UT participants (mean ES = 0.79) 
compared to the other portable monitors, whereas for females, the tetrapolar MF BIA yielded 
higher estimates for both the T group (mean ES = -0.70) and UT group (mean ES = -1.15). 
For both the T and UT samples, all pairwise comparisons of each monitor against the 
criterion measure were statistically significant (p < .O 1). Differences in body fat estimates 
among the 3 portable BIA devices were small (typically < 0.7% body fat). There were some 
significant differences for these pairwise comparisons but the mean ES for these differences 
were consistently small (T males = 0.13, UT males = 0.09, Tfemales = 0.11, UT females = 
0.06) and not of any clinical significance. 
For the athlete setting, the 3-way interaction (sex x training status x monitor) was also 
significant for Visit 1 [F(3,68) = 3.84, p = .013]. The interaction was less pronounced than 
with the adult setting values, but is again attributable to differential BIA estimates in the 
tetrapolar estimates for male and female T participants (see Figures 3 and 4). For UT males, 
the tetrapolar MF BIA estimate was similar (within 1 %body fat) to the values from the 
portable scales and none of the pairwise comparisons were statistically significant (mean ES 
_ -0.17). For T males, the differences in body fat estimates were large (about 10% in 
estimated values) for the athlete sample and all pairwise comparisons were statistically 
significant (mean ES = -2.79). For females, the tetrapolar MF BIA estimate was 
considerably higher for both the T (mean ES = -1.65) and UT (mean ES = -1.57) and all 
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pairwise comparisons were statistically significant. In these comparisons, the tetrapolar MF 
BIA device yielded higher estimates than that provided by the athlete mode in the portable 
devices. These trends were evident for a113 monitors and at both settings. The athlete 
setting on the portable devices yielded estimates that were significantly lower than those 
from the adult setting. Thus, the differences in estimates from the tetrapolar monitor and the 
portable units were essentially magnified in these comparisons, since the same tetrapolar 
estimate was used in these comparisons. The T males in the sample were all members of the 
ISU cross country and track team and were all very lean. The fact that the tetrapolar 
estimates for this sample were quite high (around 16% fat) suggests that the tetrapolar unit 
may not have provided an accurate assessment for very lean individuals. This is especially 
likely since the mean body fat estimate for the UT sample was around 14%. 
Bland-Altman plots provide a way of examining the distribution of errors across the 
range of scores. Ideally, the range of scores would be equally distributed along zero on the 
y-axis throughout the entire range of body fat values. Figure 5 shows the systematic 
differences between the 3 monitors at the 2 settings compared to the tetrapolar MF BIA. The 
MF BIA tended to produce higher estimates of body fat percentage throughout the entire 
range when compared with the 3 leg-to-leg devices. The differences in estimates tended to 
be smaller for leaner participants, whereas the differences were more pronounced for 
participants with relatively higher body fat percentages. This trend is indicated by the 
negative slope in the line of best fit on the plots. 
Additional plots were created by gender to further explore these relationships (See 
appendix: Figures 5a & 5b). Estimates by MF BIA tended to be slightly higher for leaner 
males while estimates were slightly lower for fatter males compared to the leg-to-leg BIA 
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measurements at the adult setting. This trend is indicated by a slightly positive slope in the 
line of best fit on the plots and the tendency for the line to cross zero. In contrast, estimates 
for MF BIA were consistently higher for males compared to the leg-to-leg BIA estimates at 
the athlete setting throughout the entire range of body fat estimates. This trend is indicated 
by the horizontal line of best fit. 
For women, the MF BIA tended to give higher estimates of body fat percentage 
compared with the leg-to-leg devices. These differences tended to be more pronounced for 
leaner females compared with fatter females. This is indicated by the positively sloped line 
for the comparisons with both the adult and athlete settings. The estimates provided by the 
MF BIA tended to be much higher when compared to estimates at the athlete setting than at 
the adult setting so these discrepancies were larger. 
Comparisons with Skinfold Assessments 
Because of the 3-way interactions found with the tetrapolar monitor and the apparent 
spurious values found with the T participants in the sample, there were concerns that the 
tetrapolar MF BIA estimates were not accurate. Additional data were collected on a 
subsample of participants using skinfold procedures to provide an additional comparison. 
The standard 3-site procedure of Jackson and Pollock (1985) was used and separate testers 
were used to complete the skinfolds on the males and females. Skinfold data were obtained 
from a total of 61 participants (21 athletes and 40 non-athletes). The Brozek formula (1953) 
was used to convert body Db to an estimation of body fat percentage. Similar analyses were 
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conducted for the skinfold comparisons. Specifically, 3-way MANOVA to compare the 
estimates from the portable devices to the skinfold estimates. 
For the adult setting, the 3-way interaction term (sex x monitor x training status) 
approached significance (p = .055) indicating some disparity due to sex and training status. 
Values for T males were close to the skinfold estimates but UT males were considerably 
higher than the skinfold estimates (~5%body fat). The pattern for females was a consistent 
overestimation by the BIA devices compared to the skinfold value. The larger differences 
observed for the females contributed to a significant 2-way (monitor x sex) interaction 
[F(3,56 = 10.21, p < .001]. As seen in Figures 6 and 7, the estimates from skinfolds were 
lower than the estimates from the portable BIA monitors, but these differences were more 
pronounced for the females. All pairwise comparisons between the skinfold and the BIA 
estimates were statistically significant but the differences were larger for females (mean ES = 
1.79) than for males (mean ES = 0.98). 
The results with the athlete setting were generally similar to the adult setting but the 
differences were a bit smaller among the monitors. In these analyses, the 3-way interaction 
term did not approach significance (p = .255) but the 2-way interaction (monitor x sex) was 
once again significant [F(3,56 = 13.35, p < .001]. This interaction can be seen in Figure 8 
and 9 as larger differences in estimates with the criterion for females than for males. For 
males, the skinfold estimates were quite close to the BIA estimates (within 1 %body fat). 
The mean ES was 0.02 and none of the values were significant. There were a few significant 
differences among the 3 portable BIA monitors but the small differences (< 0.2%body fat) 
and small mean ES (0.05) were too small to be of meaningful clinical significance. The 
results were good for both T and UT participants as evidenced by the lack of interactions by 
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training status. For females, the differences in body fat estimates were smaller than with the 
adult setting but still quite large (~5%). The mean ES was 1.31 for the combined female 
sample and the differences were larger for the T participants than the UT participants in this 
sample. Thus, the results with the athlete setting are reasonably reliable for males but not for 
females. 
Bland-Altman plots were again used to examine the distribution of the errors across 
the range of body fat estimates. Figure 10 shows the comparison between the scores from 3 
Tanita monitors compared with the skinfold estimates. The difference between estimates was 
negative for leaner participants (i.e., skinfold procedure produced higher estimate than 
portable BIA devices) but positive for fatter participants (i.e., skinfold procedure produced 
lower estimates than BIA devices). This trend is evidenced by the positively sloped line of 
best fit on the Bland-Altman plots. Additional plots were created by gender (See appendix: 
Figures l0a & lOb). Patterns were similar for both gender plots compared to the gender- 
pooled plot. 
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Results: Tables and Figures 
Table 1: Descriptive Statistics for Sample Population 
Combined Males (n=42) Females (n=39) All (n = 81) 
Mean SD Mean SD Mean SD 
Age 20.4 1.6 20.2 1.4 20.3 1.5 
Ht (cm) 180.6 7.6 167.6 5.8 174.3 9.4 
Wt (kg) 78.2 13.5 62.5 10.8 70.6 14.5 
BMI 24.0 3.8 22.2 3.5 23.1 3.7 
Nonex V02 (mUkg/min) 51.7 3.6 35.8 5.7 44.0 9.3 
Rockport V02 
(mUkg/min)* 
57.9 7.8 47.1 8.9 52.8 9.9 
Athletes Males (n=19) Females (n=11) All (n = 30) 
Mean SD Mean SD Mean SD 
Age 20.1 1.6 20.0 1.2 20.1 1.4 
Ht (cm) 180.8 7.4 168.1 5.3 176.2 9.1 
Wt (kg) 69.8 7.5 60.2 6.3 66.3 8.4 
BMI 21.4 2.2 21.3 1.6 21.3 2.0 
V02 (ml/kg) 52.8 2.2 40.6 3.2 48.3 6.5 
Rockport V02 
(mUkg/min)* 
63.1 4.8 52.3 3.7 61.4 6.1 
Nonathletes Males (n=23) Females (n=28) All (n=51) 
Mean SD Mean SD Mean SD 
Age 20.6 1.6 20.3 1.5 20.4 1.6 
Ht (cm) 180.4 7.8 167.5 6.1 173.3 9.4 
Wt (kg) 85.1 13.5 63.4 12.2 73.2 16.7 
BMI 26.1 3.4 22.6 4.0 24.2 4.1 
V02 est. (mUkg/min) 50.9 4.3 33.9 5.3 41.5 9.8 
Rockport VOz est. 
(mUkg/min)* 
52.6 6.6 46.6 9.1 48.8 8.7 
* sample sizes for Rockport test were 19 for trained (16 Male / 3 Female) and 29 for 
untrained (16 Male / 26 Female) 
Nonex V02 = V02 Max estimation based on nonexercise questionnaire 
Rockport V02 = V02 Max estimation based on Rockport Mile Test 
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Table 2: Descriptive Results for Monitor 1 
All Visit 1 Visit 2 
Sample Setting n Mean 
BF% 




Trial 1 3 9 15.7 5.9 3 9 15.9 5.9 
Trial 2 3 9 15.7 5.9 3 9 15.8 5.9 
Athlete 
Trial 1 3 9 10.7 5.4 3 9 10.9 5.5 
Trial 2 3 9 10.7 5.4 3 9 11.0 5.5 
Females Adult 
Triall 35 25.4 6.3 35 25.1 6.1 
Trial 2 3 5 25 . S 6.3 3 5 25.0 6.1 
Athlete 
Trial 1 3 5 22.4 5.7 3 5 21.8 5.0 
Tria12 3 5 22.4 5.8 3 5 21.8 5.1 
*Significant sex x visit interaction for Adult Setting: F(1,73)=9.67, p=.003 
*Significant sex x visit interaction for Athlete Setting: F(1,72)= 9.90, p=.002 
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Table 3: Descriptive Results for Monitor 2 
All Visit 1 Visit 2 
Sample Setting n Mean 
BF% 




Trial 1 3 9 15.5 5.9 3 9 15.7 6.0 
Trial 2 3 9 15.4 5.9 3 9 15.6 6.0 
Athlete 
Trial 1 3 9 10.8 5.4 3 9 11.0 5.5 
Trial 2 3 9 10.8 5.4 3 9 11.0 5.5 
Females Adult 
Triall 36 25.5 6.3 36 25.2 6.1 
Trial2 36 25.5 6.3 36 25.2 6.1 
Athlete 
Trial 1 3 6 22.2 5.9 3 6 21.7 5.3 
Trial 2 3 6 22.2 5.9 3 6 21.7 5.3 
*Significant sex x visit interaction for Athlete Setting: F(1,73)= 8.99, p=.004 
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Trial 1 39 ~w 
Trial 2 39 
Females Adult 
Trial 1 36 24.8 
Trial 2 36 24.7 
Athlete 
Trial 1 36 
















E 1. 5.4 
24.6 6.3 
24.6 6.2 
2 . 5.3 
.................. 5.4 
* Significant sex x visit interaction for Adult Setting: F(1,73) = 7.32, p=.008 
* Significant sex x visit interaction for Athlete Setting: F(1,73)=2.94, p=.091 
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Table 4alt: Monitor 3 (data from S participants removed) 
All Visit 1 Visit 2 
Sample Setting N Mean 
BF% 




Triall 36 14.7 5.6 36 1.4.9 5.8 
Tria12 36 14.7 5.6 36 14.9 5.8 
Athlete 
Triall 36 ~ 5.2 
a, 
` 5.4 
Triall 36 ~ ~ 5.2 ':a~~ 5.5 
Females Adult 
Triall 34 24.9 6.5 34 24.6 6.4 
Triall 34 24.9 6.6 34 24.6 6.4 
Athlete 
Trial 1 34 7.3 34 ~`~~ 
, ~ 
5.4 
Triall 34 7.4 34 ~ 5.5 
* Significant sex x visit interaction Adult Setting: F(1,68)=14.95, p<.001 
* Significant sex x visit interaction Athlete Setting: F(1,68)=4.14, p=.046 
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V x T 0.00 0.00 0.00 0.00 0.00 0.00 
Subjects 58.37 0.994 60.06 0.995 58.57 0.993 
V x S 0.32 0.005 0.29 0.005 0.3 8 0.006 
T x S 0.00 0.00 0.00 0.00 0.00 0.00 
VxTxS 0.01 0.00 0.01 0.00 0.01 0.00 







G 0.994 0.995 0.993 
SEM 0.576 0.545 0.622 

























V x T 0.00 0.00 
_ 
0.00 0.00 0.00 0.00 
Subjects 60.58 0.987 60.3 0.989 57.51 0.978 
V x S 0.76 0.012 0.68 0.011 1.25 0.021 
T x S 0.01 0.00 0.00 0.00 0.00 0.00 
V x T x S 0.02 0.00 0.02 0.00 0.02 0.00 







G 0.987 0.989 0.978 
SEM 0.89 0.833 1.127 
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Visit (V) 0.00 0.00 -0.02 0.00 
Trials (T) 0.00 0.00 0.00 0.00 
V x T 0.00 0.00 0.00 0.00 
Subjects 61.24 0.996 60.28 0.981 
V x S 0.25 0.004 1.16 0.019 
T x S 0.00 0.00 0.00 0.00 
VxTxS 0.01 0.00 0.02 0.00 





G 0.996 0.981 
SEM 0.505 1.079 
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Fig. 1:Comparison of Body Fat Estimates by Group-

























Fig. 2:Comparison of Body Fat Estimates by Group-




~~, Monitor 1 
Monitor 2 
3 
I~ MF BIA i 
UT= Untrained participants T= Trained participants 
* p<O.OS:Mean values were significantly different from those for MF BIA 
Fig. 1 & 2. The comparison of the mean estimates for 3 Tanita monitors (Adult Setting) and 
Xitron Multifrequency BIA body fat percentage measurements. 
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Fig. 3:Comparison of Body Fat Estimations by Group-

























Fig. 4:Comparison of Body Fat Estimations by Group-








UT= Untrained participants T= Trained participants 
* p<O.OS:Mean values were significantly different from those for MF BIA 
Fig. 3 & 4. The comparison of the mean estimates for 3 Tanita monitors (Athlete Setting) 
and Xitron Multifrequency BIA body fat percentage measurements. 
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Fig.S. Bland-Altman Plots to determine systematic differences for body 
fat %measurements between 3 Tanita monitors and Xitron 
Multifrequency (MF) BIA for gender-pooled data. 
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Fig. 6:Comparison of Body Fat Estimates by Group -Males 























Fig. 7:Comparison of Body Fat Estimates by Group-








UT= Untrained participants T= Trained participants 
*p<O.OS:Mean values were significantly different from those for MF BIA 
Fig. 6 & 7. The comparison of the mean estimates for 3 Tanita monitors (Adult Setting) and 
Brozek skinfold body fat percentage measurements. 
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Fig.8:Comparison of Body Fat Estimates by Group -
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Fig.9:Comparison of Body Fat Estimates by Group-
















UT= Untrained participants T= Trained participants 
*p<O.OS:Mean values were significantly different from those for MF BIA 
Fig. 8 & 9. The comparison of the mean estimates for 3 Tanita monitors (Athlete Setting) 
and Brozek skinfold body fat percentage measurements. 
46 
Fig.10. Bland-Altman Plots to determine systematic differences for 
body fat %measurements between 3 Tanita monitors and Brozek 
Skinfolds for gender-pooled data. 
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Discussion 
The ease of use of leg-to-leg BIA monitors and the increase in availability in recent 
years have made the technology more appealing to consumers and researchers. This has led 
to the creation of monitors with various cost. While more research has been conducted on 
the traditional tetrapolar BIA monitors, limited research related to leg-to-leg monitors exists. 
Swartz and colleagues (2002) found no significant estimate differences for men between the 
Tanita TBF-305 and UWW for highly active individuals and less active individuals when the 
appropriate activity setting was selected. Andreoli and colleagues (2002) reported a 
significant overestimation by a Tanita monitor versus DXA for a group of women with 
various fitness levels but Franckowiak and colleagues (2000) found a significant 
underestimation by a Tanita monitor versus DXA for a male and female population. The 
reliability and validity of the leg-to-leg monitors, relating to other indirect measures of body 
fat, must be further established. In this study, the reliability and validity of three different 
commercially available devices were directly compared. 
The reliability of the Tanita monitors in this study were quite good. There were 
nonsignificant differences for within-day (trial) and between-day (visit) comparisons. These 
findings suggest that reliability is not dependent upon cost of the monitors. Little research on 
the reliability of the leg-to-leg monitors has been published. Additionally, little is still known 
concerning the diurnal variations and how this might affect the reliability of leg-to-leg 
measurements throughout the day since this variable was controlled. 
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An unexpected finding in the reliability analyses was a significant visit x sex 
interaction. Mean body fat estimates for males were slightly higher on Visit 2 (adult setting: 
+0.24%; athlete setting: +0.3%) while female mean body fat percentages were slightly lower 
on Visit 2 (adult setting: -0.28%; athlete setting -0.65%). The cause of the interaction is not 
clear. Training status was not a factor as the respective trends were present for T and UT 
participants. Factors such as menstruation and hydration were controlled for by the 
scheduling of the tests, but self-administration of different amount of water upon waking but 
these factors could have contributed to this effect. Males have greater total body water due 
to a larger muscle mass. Males engaging in intense exercise could also be more susceptible 
to chronic dehydration than females. On the other hand, changes in body hydration may be 
more detectable in females due to smaller amounts of total body water and variations related 
to menstruation. While there are no data to support, another possible mechanism could be 
behavioral differences in hydration, with females possibly maintaining better chronic 
hydration (i.e., higher consumption of water, lower consumption of alcohol and diuretics) 
compared to males. 
Overall, the visit x sex interaction contributed minimally (<1 %) to the total variance 
and did not greatly impact the variability of the monitors. With over 97% of the variance 
attributed to individual differences between subjects, the reliability of the 3 Tanita monitors 
can be considered very good. Visits, trials, and other interactions accounted for negligible 
variance (<0.01 %). 
The results concerning validity were mixed and depended upon the criterion measure 
used for comparison, the gender, and the setting on the portable devices. In the original 
study design, a traditional tetrapolar bioelectrical impedance analyzer (Xitron 4000) was used 
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as the criterion measure for comparison, but the device yielded some seemingly spurious 
results. The Xitron gave higher estimates than the Tanita monitors for T males and all 
females at both settings and lower estimates for the UT males at the adult setting. These 
contrasting trends were responsible for the significant sex x training status x monitor 
interaction for the adult setting. In the comparisons with the athlete setting, the Xitron means 
were significantly different for all groups, with the exception of the UT male group. The ES 
for the criterion comparison for the UT group was small (ES=-0.17) while all other criterion 
ES, for each fitness group, were moderate to strong (-0.7 to -2.79). These differences were 
again reflected by the sex x training status x monitor interaction. 
The significant differences between the Tanita monitors and the Xitron BIA estimates 
for females (regardless of fitness setting and training status) were not consistent with the 
findings of Andreoli and colleagues (2002) who found no significant differences between a 
Tanita device and the Xitron model (2002). However, their study compared fat-free mass 
and fat mass rather than body fat percentage and utilized an older population. The authors 
also did not specify if the Tanita monitor had multiple fitness settings and, if so, how the 
appropriate setting was selected. 
One explanation for the sex x training status x monitor interactions could be 
differences in amounts of muscle mass between the male and female T groups. Another 
potential cause of the differences could be the internally-programmed equations. The devices 
tested here did not provide a raw outcome measure of impedance as in other studies 
(Andreoli et al., 2002; Nunez et al., 1997; Swartz et al., 2002), so it was not possible to 
examine other outcomes. 
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The unusually high estimates by the Xitron for the T male group (mean=16.02%) 
suggested that the Xitron was inaccurate. These unreasonable estimates, justified the use of a 
second criterion measure. While skinfold thicknesses are not a perfect criterion, they provide 
valuable comparisons since it is an established approach. 
The second criterion comparison (with skinfolds thickness) produced better 
agreement between the measures, at least for the male group. The 3 -way interaction (sex x 
training status x monitor) was not significant, but there was a significant 2-way interaction 
(monitor x sex). For males, significant differences were found with the adult setting. Minor 
differences were seen between the Tanita monitors and the skinfold thickness for males 
measured at the athlete setting and only one of the 3 comparisons (Monitor 3 vs. Skinfolds) 
was significant and the difference was not clinically significant (<1 %). For females, 
significant differences with skinfold estimates were found for all Tanita monitors at both 
settings and the differences were larger. 
The Bland-Altman Plots comparing the Tanita monitors to skinfold estimations 
revealed a systematically higher estimation of body fat percentages by the leg-to-leg 
monitors, which became more pronounced with increasing body fat percentages. The 
discrepancies were small when examining the plots for males at the athlete setting. There 
was only a slightly lower estimation for participants with lower body fatness and a slightly 
higher estimation with higher body fatness. 
A possible explanation of the monitor x sex interaction could be the difference in 
relative fitness of the two genders. The female sample contained fewer T participants than 
the male sample and they were not all distance runners as were the males. The relative 
differences in aerobic fitness can be quantified by the mean VO2 of the two groups, as 
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calculated from the nonexercise questionnaire (men: 51.73 ml/kg/min; women: 35.75 
ml/kg/min). According to ACSM criterion standards, the mean of the male group ranks in 
the 90~' while the female mean ranks in the 50~' percentile (2000). The same means would 
rank the men in the 70th percentile and women in the 35th percentile when compared to the 
YMCA standards for the age groups (1989). It could be argued that the mean V02 values 
from the Rockport test may be more accurate. The values on this test (men: 57.86 ml/kg; 
women: 47.14 ml/kg) would rank both groups in the 90 h̀ and the 70th percentiles according to 
ACSM and the YMCA standards, respectively. Values from the T participants were 
significantly greater than UT participants for both genders with both tests but it is also likely 
that the male athletes were more fit as a group than the females. If this is the case, it would 
explain their better results at the athlete setting. 
Another possible source of variance between the two genders could be the use of two 
testers with two different Lange calipers for skinfold measurements. Both were experienced 
technicians. However, no measurements were conducted on the same participant by both 
testers to determine intertester reliability. Based on fitness, the estimates based on the 
skinfold measurements tend to more realistic for males whereas the mean body fat 
percentage for females tend to suggest underestimation. This could be attributed to tester 
error. 
Findings for differences between the Tanita monitors and the skinfold thicknesses 
were consistent with the findings of Swartz and colleagues (2002) and Andreoli and 
colleagues (2002), which found better agreement (less error) for male body fat estimation 
than female body fat estimation compared to UWW and DXA, respectively. Overall the 
results for the Tanita monitors were more favorable for males. The Tanita monitors yielded 
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similar results to the Xitron device for the UT males. The monitors also yielded similar 
results compared with the skinfold estimates for T and UT males. Comparisons were 
consistently better (less error) when the athlete setting was used. The findings agree with 
results by Swartz and colleagues (2002) that showed even moderately active individuals get 
more accurate results with the athlete setting. Specifically, the athlete setting appears to 
reduce the tendency of overestimation relative to the adult setting. Results are less clear for 
females. 
In conclusion, the cost of a monitor does not appear to affect the within-day and 
between-day reliability of the Tanita monitors. The validity of the monitors in relation to 
other forms of indirect body fat assessment remains somewhat unclear. Further research with 
more distinct T and UT samples may be needed to fully evaluate the validity of the Tanita 
monitors. The validity of the Tanita monitors for female body fat estimation appears to be 
low in comparison with both Xitron and skinfolds, regardless of fitness level. It is not clear 
if this is due to limitations in both criterion measures or inaccurate prediction equations for 
women. Further research is needed to establish the validity of the Tanita monitors in relation 
to other bioelectrical impedance analyzers. The use of more established criterion measures 
such as DXA would provide a better comparison. 
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Appendix: Additional Tables and Graphs 
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Table 2a: Descriptive Results for Monitor 1 (Untrained participants) 
All Visit 1 Visit 2 
Sample Setting n Mean 
BF % 




Triall 21 19.1 5.7 21 19.4 5.6 
Triall 21 19.1 5.7 21 19.3 5.6 
Athlete 
Triall 21 13.8 5.3 21 14.1 5.5 
Triall 21 13.8 5.3 21 14.1 5.5 
Females Adult 
Triall 26 25.7 6.8 26 25.2 6.7 
Triall 26 25.7 6.9 26 25.2 6.6 
Athlete 
Triall 26 22.2 5.6 26 22.2 5.6 
Trial 2 26 22.2 S . 7 26 22.2 5.7 
Table 2b: Descriptive Results for Monitor 1 (Trained participants) 
All Visit 1 Visit 2 
Sample Setting n Mean 
BF % 




Triall 18 11.7 3.0 18 11.8 2.9 
Triall 18 11.7 3.0 18 11.8 2.9 
Athlete 
Triall 18 7.1 2.5 18 7.2 2.4 
Triall 18 7.2 3.0 18 7.3 2.5 
Females Adult 
Triall 9 24.6 4.4 9 24.6 4.5 
Triall 9 24.7 4.4 9 24.6 4.4 
Athlete 
Triall 9 20.5 2.7 9 20.5 2.8 
Trial 2 9 20.5 2.8 9 20. S 2.8 
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Table 3a: Descriptive Results for Monitor 2 (Untrained participants) 
All Visit 1 Visit 2 
Sample Setting n Mean 
BF % 




Triall 21 18.9 5.6 21 19.2 5.7 
Triall 21 18.9 5.6 21 19.2 5.7 
Athlete 
Triall 21 13.9 5.4 21 14.2 5.4 
Triall 21 13.9 5.3 21 14.2 5.4 
Females Adult 
Triall 27 25.8 6.8 27 25.4 6.7 
Triall 27 25.8 6.8 27 25.4 6.6 
Athlete 
Triall 27 22.8 6.6 27 22.1 5.9 
Triall 27 22.8 6.6 27 22.1 5.9 
Table 3b: Descriptive Results for Monitor 2 (Trained participants) 
All Visit 1 Visit 2 
Sample Setting n Mean 
BF% 




Triall 18 11.5 3.0 18 11.5 3.0 
Triall 18 11.5 3.0 18 11.5 2.9 
Athlete 
Triall 18 7.2 2.6 18 7.3 2.4 
Triall 18 7.2 2.6 18 7.3 2.4 
Females Adult 
Triall 9 24.7 4.5 9 24.6 4.5 
Triall 9 24.7 4.5 9 24.6 4.5 
Athlete 
Triall 9 20.4 2.8 9 20.4 2.9 
Triall 9 20.4 2.8 9 20.4 2.9 
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Table 4a: Descriptive Results for Monitor 3 (Untrained participants) 
All Visit 1 Visit 2 
Sample Setting n Mean 
BF % 




Trull 21 18.1 5.3 21 18.6 5.6 
Trial2 21 18.0 5.3 21 18.6 5.6 
Athlete 
Trull 21 13.0 5.2 21 13.7 5.4 
Trial2 21 13.0 5.2 21 13.7 5.4 
Females Adult 
Trull 27 25.0 7.0 27 24.8 6.8 
Trial2 27 25.0 7.0 27 24.8 6.8 
Athlete 
Trial 1 27 22.4 8.1 27 21.4 S .9 
Trial2 27 22.5 8.2 27 21.5 5.9 
Table 4b:Descriptive Results for Monitor 3 (Trained participants) 
All Visit 1 Visit 2 
Setting n Mean 
BF % 




Trull 18 11.2 3.0 18 11.2 2.9 
Trial 2 18 11.1 3.0 18 11.2 2.9 
Athlete 
Trull 18 6.8 2.5 18 6.9 2.4 
Trial2 18 6.8 2.5 18 7.0 2.5 
Females Adult 
Trull 9 24.1 4.6 9 23.9 4.5 
Trial2 9 24.0 4.6 9 24.0 4.5 
Athlete 
Trull 9 19.8 3.0 9 19.8 2.8 
Trial2 9 19.8 2.8 9 19.7 2.8 
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Figure 5a: Bland-Altman Plots to determine systematic differences for 
body fat %measurements between 3 Tanita monitors and Xitron 
Multifrequency (MF) BIA for males. 
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Figure Sb: Bland-Altman Plots to determine systematic differences for 
body fat %measurements between 3 Tanita monitors and Xitron 
Multifrequency (MF) BIA for females. 
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Figure 10a: Bland-Altman Plots to determine systematic differences 
for body fat %measurements between 3 Tanita monitors and Skinfolds 
for males. 
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Figure lOb: Bland-Altman Plots to determine systematic differences 
for body fat %measurements between 3 Tanita monitors and Skinfolds 
for females. 
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